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PURPOSE

The  studies were conducted to  determine the
feasibility of extending the standard design limitations
- of a baffled apron drop as established in Engineering
Manograph No. 25, from a unit discharge of 80 cfs

per foot (5.6 cu m/sec per meter} of width to a larger

* unit discharge."” A larger unit discharge would allow a
baffled apron drop to be used as a spillway energy
dissipator where more conventional structures would
be lmpractlcal

'CONCLUSIONS

1. A baffled apron designed according to the criteria in

Engineering-Monograph No. 25, “Hydraulic Design of -

Stilling Basins and Energy Dissipators,’
an effective spillway energy dissipator,

proved to be

2. The bafiled apron was designed for a unit discharge

of 77.7 cfs (7.2 cu m/sec) of width but the studies

indicated that it would handle a unit discharge as large
as 150 cfs {13.9 cu m/sec).

. 2. The location of the top row of baffle piers affected
the dlscharge capacity. With the base of the upstream
face of .the baffle piere 1 foot {0.3 ) below  the
spillway crest, the reservoir head above the crest at
maximum discharge was 14 percent higher than with
the first row removed. Placing the first row of baffle

piers 1.8 feet {0.556 m) below the crest raised.the .

reservoir head only @ percent. Structurat considerations
dictated that the first row of baffle piers be placed 1.8
feet {0.55 m) below the crest,

4, Blocking off the top row of baffle piers to simulate

clogging with debris increased the reservoir elevation
3.4 feet {1 m) at a unit discharge of 77.7 cfs {7.2 cu
m/sec). This was 2.3 feet (0.7 m) below the crest of the
dam embankment. The baffle piers were 1.8 feet {0.55
m} below the crest.

5. The channel bed downstream was stoped upward
from the end of the apron to prevent movement of the
riprap against the apron and possible erosion damage.

APPLICATION

.The results- of. .these studies are considered to be

justification to increase the unit discharge used in the

- design of a baffled apron drop from 60 cfs {5.6 cu

m/sec) 1o at least 78 cfs (7.3 cu m/sec). The tests zlso
confirmed that this type of structure was feasible as a
spillway -energy dissipator and would ke capable of
handling discharges up to twice the design value in an
emergency.

INTRODUCTION

Conconuliy Dam, a part of the Okanogan Project, is

"located in north central Washington about .15 miles

{24.2 km} northwest of the town of Okanogan. The
dam, used. for storing irrigation water, is an earthfill
structure 70 feet (21,3 m) high and 1,000 feet (305 m)
long with a storage capacity of about 13,000 acre-feet
{16 million cu m). The dam was constructed in 1910,
The original spillway, in a saddle near the right
abutment, has progressively deteriorated. In addition,
completed hydrological studies ard reports under the
Safety of Dams program showed that the existing =

- ‘spitlway had inadequate capacity.

it was decided to replace this spillway with one of
adequate capacity. Extremely “peor foundation
conditions downstream from the dam preciuded ‘the
use of a standard hydraulic jump energy dissipator or
flip ‘bucket as a part of the spiliway, Therefore, a
baffted apron was selected to pass the flood discharges.
Use of a baffied apron drop as an energy dissipator for
a spillway was a departure from the usual practice, so'it
was decided to perform a hydrau!lc model study to -
verify the design. ‘

-

THE MODEL

A sectional model, on a 1:18 scale ratio, was
constructed in a 30-inch {76-cm} wide ftume. The
model represented a 45.37-foot {13.8-m} wide section
of the 149-foot {45.4-m) wide spillway. The crest and

"Bureau of Reclamation Engmeermg Monograph No. 25, “Hydraulic Des.lgn of Stilling Basins and Energy

Dissipators,” by A. J. Peterka.

* “Subsequent values given for the unit dlscharge will indicate the discharge per foot of width for English units and
per meter of width for metric units,




“full length, ‘150 feet (45,7 m), of the sloping apron
were included in the model.

The channel approaching the c.est was also included
but the curved sidewalls of the approach channel and
the .wing walls at the downstream end of the apron

: were not mecdeled. The channel bed downstream from
.the apron was formed in sand. The baffle arrangement
‘on the apron represented the portion of the apron
adjacent to the left sidewall. The sidewall baffle
arrangement was used because the action of the
flowing water at the baffles and sidewall is important
in determining the effectiveness of the design, It was
also necessary to determine whether the sidewall height
was adequate.

THE INVESTIGATION

Design Criteria

Usually, a baffled apron drop is limited to a maximum
design unit discharge of 60 cfs {5.6 cu m/sec),
Engineering Monograph No. 25, Section 9, page 153.

The design unit discharge for Conconully spillway is

77.7 cfs {7.2 cu m/sec), or a total discharge of 11,580
cfs (328 cu m/secl. The design methods outlined in
Engineeringy Monograph No. 25 were used in
determining Baffle pier dimensions and arrangement,
" Figure 1. However, the standard design specifies that
the first row of baffte piers should be placed not more
than 1 foot (0.3 m) below the crest. A construction
joint near the crest made it necessary to place the first
row of baffle piers either 1.8 feet {0.55 m) below the
crest or almost.on the crest For the initial tests the
first row of baffle piers was placed 1.8 feet (0.55 m)
below the crest. To provide for future channel bed
degradation, the downstream end of the apron
extended below the channel bed sufficiently so that
the last two rows of baffle piers were buried.

Flow on Apron

Flow conditions on the apron were satisfactory for ali
unit discharges up to and including the maximum of
77.7 cfs (7.2 cu mfsec). With the lowest test unit
discharge of 15 cfs (1.4 cu m/sec), the flow appeared
to accelerate slightly down the chute as shown by the
higher rise of the water surface a5 the flow impinged on
the lower baffle piers, Figure 2, However, the flow did
not penetrate very far into the tailwater and there was
no movemnent of the channel bed material.

“With 30- and 45-cfs (2.8- and 4.2-cu m/sec) unit

discharges, there was no noticeable increase in the

height of the water surface and the flow did not
- penetrate the tailwater pool to an appreciable extent.

Waves on the water surface, which were negligible for
the 15-cfs {1.4-cu m/sec) unit discharge, were about 12
to 18 inches (30 to 46 cm)} high. There was no
movement of the riverbed material. :

With unit discharges of 60 and 77.7 ¢fs (5.6 and 7.2 cu
m/sec) the apron “haffle piers were completely
submerged but they retarded the flow sufficiently that
there was no deep penetration into the tailwater and
only very slight movement of the channel bed, Figure

3, Waves on the water surface were about iB to 24

inches (46 to 61 c¢cm) high,

Tests were also run with unit discharges of 100 and
150 cfs (9.3 and 14.0 cu m/sec). Although there was
considerable splash and spray from the flow coming
down the apron, flow conditions at the end of the
aprcn were satisfactory and there was only a small
amount of channel bed erosion.

The test confirmed that the baffled apron drop was an
effective energy dissipator for the design discharge and
was also capable of handling flows up to almost twice
the design discharge.

Channel Bed Modifications

For the initial tests the channel bed downstream from
the apron was horizontal. The apron extended below
the channel bed and the last two rows of baffle piers
were covered with backfili. During operatlon at near
maximum discharge it was noticed that there was some
movement of the fil! material adjacent to the apron.

- This type of action could abrade the concrete;

therefore, the channel bed was modified to prevent the
erosive action, The channel bed was sloped upward on
a 2-1/2:1 slope .from the end of -the “apron to the
original bed level, The sloped surface was covered with
12. to 24-inch (30- to 61-cm) riprap. Subsequent tests
at unit discharges up ‘to 150 cfs {14.0 cu m/sec}
showed that there was no riprap movement in the
excavated area at any discharge.

" Discharge Capacity

The discharge capacity of the structure was determined
for four conditions: with the first row of baffle piers
1.8 feet {0.55 m) below the crest {the design location},
with the first row of baffle piers in the design iocation
but completely blocked off to simulate clogging with
debris, with the first row of baffle piers 1 foot (0.3 m}
below the crest, and with the first row of baffle piers
removed.

With the design configuration the design discharge of
11,580 cfs {328 cu m/sec) was obtained at reservoir
2levation 2295.3 (699.6 m), Figure 4. When the top
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Figure 2. Unit.discharge = 15 cfs (1.4 cu misec). Top
Photo P X-D-69008 and bottom Photo PX-D-69006

~row of baffle piers was ‘blocked off to simulate

"clogging, the reservoir water.surface rose to elevation

2208 4. (700.8), 3.4 feet {1 m) below the crest of the
dam embankment.

Figure 4 also shows how the location of the first row
of baffle piers affects the discharge capacity. The
reservoir elevations obtained with the first row of
baffle piers removed were used .as ‘a basis for
comparison. The tests showed that near the design
discharge the baffle piers installed 1 foot {0.3 m} below

. Figure 3.  Umit discharge = A7 cfs 2.2 cu misec). Top
Photo P X-0-69009 and bottom Photo PX-D-69007

the crest raised the. reservoir elevetion about 14
percent, and with the baffle-piers 1.5 feet' (0.55 m)
below the crest the rescrvoir eievation increased aboirt

'9 percent. At about 25 percent of the design discharge

the baffle piers in the higher posi*ion raised the
reserveir elevation about 17 percent while the baiile
piers 1.8 feet {0.55 m) below the crest raised the

reservoir only about 4 percent. in the final design the

baffle piers were placed 1.8 feet (0.55 m} below the
crest. ‘
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QUANTITIES AND UNITS OF MECHANICS

fy

To obtain

Mutiipty

MASS

Graing (1/7,000 1

Qunces [avdp)
Pounds [avdp)
Short tons {2,000 Iy
Short tons {2,000 Iby
Long tons (2,240 1b)

Troy ounces {480 graing}

64,7889 {exautiy}
411035
28,3495
0.45359237 {exactly)
907.185
0.907145
1,016.05

Milligrams
Grams
Grams

Kilegrams

Kitograms

Mezric tons

Kitoqrams

FORCE/AREA

Founds per square inch
Pounus per square inch
Pounds per square foot

2.070307

47.8803

Kilagrams per square centimeter
Newtons per square eentimerer
Kilograms per square meter

Mowtons per sguare meer

Paunds per square {oot

Qunces per cubic inch
Pounds per cuhir: fogr

0.016018%
1.32894

Grams per cubic centimeter

Kilograms per cubic meter
Grams per cubic centimeter
Grams per cubic centl Iefeter

Tahle —Continues

Rlultiply

By

T obiain

WORK AND ENERGY®

Britigh thermal units {Etu}

-- Britésh thermal units {Btu}
- Atu per pound

Fuotpounds

Kilogram catories
Joules

Joules per gram
Joules

POWER

Horsepower

Btu per hoor
Faor-paunds per secand

745.700
$.283071

HEAT TRANSFER

Bty in/hr A2 degree F {k,

mermal conductivity) .. ... ..

Btu in.itr 112 degree F (K,

thermal conductivity) . . . ., ..

B Auhr 12 degree F

Bw/he 12 degree F {C,
thermal conductancel

Bru/hr 712 degree F (C,

thermal corductanee) . .. ..

Degree F nr ft2/8tu 1R,
thar mal resistancel

Btufly degres F I, heat capav:lt\rl .

Milliwatis/cm degrae C

Kgcal/hr m degree C
Kg tal m/hr m2 degree G

Milliwattefem? degee C -
Kg cal/hr m? degree ©
Degree € emZ/milliwatt

Jfgdegree C
Lal/gram degree C

Brufih degree T
I'l:",fhr {thereai dlfqul\'lW]
FE2/hr {thermal diffusivity)

Qunees per gallon (U.5)]
Oungrs per gatlon (UK}
Pounds per galon (U.5.}
Ppunds per gallon {U.K}

Gram per liter
Grams per liter
Grams per liter
Grams ner liter

Cm</fsec

BENDHNIG MOMENT OR TQRGUE

inch-paunds
Inch-pounds
Foot-pounds
Foot-gounds
Faot-pounds per inch
Cunz-inthes

p.011521 |
112085 £ 108 L L.
0.1301255

1.38582 x 107

.5.4401

72.008

Meter-kilograms

Centimeler-dynes

Meter-kilogranis

Centimeter-dynes

Cem:meler kilograms per centimeter
Gram cantimeters

Grainschr 12 fwater vapor]
transmission)
ferms {peemeance)

Perm-inches {permeability} . . . . .

Grams/24 hr mZ
Metric perms

VELOCITY

Fest per secand
Feat pet second
Feet per year
Miles per hour
Miles per hour

30.48 {exactly)
0.3048 {axacity}*

‘0965873 x 1070
1.609344 (exacily]
0,44704 (exactly}

Centaineters par sccond
Mezars per secand
Centimeters por sécond
Kilomelers per hour
Meters per wcand

Feet psr sr;«:und2

ACCELERATION"

70,3048

Meters per second?

FLOW ~

Cubic fest per second
{second-feet) .

Cubic feet per minute _ . ., .
Gallons {LL.S.} per minute

*0.028317

. Cubic metees per secand
Litars per secand
Liters per second

*0.453892 .
*4.4482

Tabte 11

OTHER QUANTITIES AND UNITS

© Multiphy

To otnain

Cubic feat per square foot per oay (seepags)
Pourd-seconds per square faot fviscasityt

Square feet per second {viscosiryl
Fahrenheit deyrees (chanoe}™
Vol per mit

Lumens per square foot [tuu:-caﬂd!es) ;

Obm-clreular mils per oot
Willicurigs per cubic foot
Milliamps pet square fnot
Gallons per squarg yard

" Paunds per inch

5/ exactly . . .
03937
10764

Liters per square meter per day
Kilogram serond per squarg meter
Square meters per second

. Celsius or Kelvir degrees {change) ™
Kiiovolts per miilimetar

Lumens per square rmeter
Chm-square miilimeters per meter
Milticuries per cubic meter
Milliamps per squane meter

Liters per sqquare meter

Kilograms per centimeter

GPO gan-587
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CONVYERSION FACTOR”—BB.I’I‘ISH TO METRIC UNITS OF MEASUREMENT

The follawing conversion factors Edl )!ed by the Bureau of Reclamation: are-those published by the American
Soclety for Testmg and Materials {) 'STM Matric Practice Guide, E 380.-68) except that additional factors {*}
cummonty used in the Bureau have £ den adﬁed _Further discussion 01 deilnmons of quaritities .md units isgivenin
the ASTM Metriz Practice Guide. ]!

The metric units and conversion fatlors adopted by the ASTM are based on-the “International Systern of Units**
{dasignated S| for Systeme lnterhatmnal d'Unites}, fixed by the International Committee for.Weights and
-Measures: this system s also knowif as the Glorgi or MESA (mater-kilogram (mass)-second-ampere) system. This
system has been adopted by the Inturnational Organization for Standardization in IS0 Recommendation R-31,

The metri¢ technical uniz of furcé is the kilogram-farce; this is the force which, when applied to & bedy having 2
mass of 1 kg, gives it an accelerati'n of 9.80655 m/sec/sec, the standard’ suceleration of free fafl toward the earth’s
center for sea level at 45 deg latl ude The metric unit of force in S units is the newton {N), which is defined as
that force which, when applied t w2 body having 2’ mass of. T kg, giuge it 3n aceeloration of 1 m/fsec/sec. These units
must be dlSIIngu:shed from the chonstant. local weight of a body ha\r ng a mass of 1 kg, that is, the weight of 2
body is that force with which a “ody is attracted to the earth and is eqq at 1) the mass of a bod,r multipiied by the
accaleration-due to gravity. However, because it Is general .practice t¢. use "pound” rather than the technically
correct term “pound-force, " tha term “kilogram' {or derived mass umt) has been scd in this quide instead of
"kilcgram-force” in expressing Ihe conversion factors for forces The n 'wton uonit of for::e wllt lmd mcred';mg use,
and is essential in 51 units, ! .

Where approximate or nominyl English units are used 1o express 2 vae or range of values, the converted metric
units in parentheses are also, 1pproximate or npminal, Where premsa x ng!nh units are used, the converted merric
units are expressed as equally significant values, . '

Table !

QUANTITIES AND UNITS OF SPACE

Multiply . ] . . To obtain
LEMNGTH
M, 254 [exactl‘;n R Micran
Inghes . .. ...... e 54 {exaetly) L0 L. L e - Millimeters
Inches . ....... e e . Co 254 exactlvlT L L L L. R, 2. . Centimaters
Fest ... ...... e e 30,38 lexactty!l L L e v.ﬁ.i..etera
Feet ... _...... [P 03048 fexactivl® .. . L eters
Feet , ., .. o0 uu e " R 0.0003048 fexactiy)” .. ....... . ... - Kilometers . -
Yords . ..ol ..o T o0.9144 {exactlyl - . . .. T L. Meters
Miles (starvtel .. L L. L, . 1,608,344 (exactiyl® . ... ...l L. .. Meters.
Miles .. .. ... G e 1608344 fessctiyd L.l L L . Kilemeters
AREA
Squareinches-. ... 0L L. ©oB4bG exactlyl L. L DL L. L Sguare centimeters
Square feet .. ........... . tg2903 L ..., ... e e Square centimeter; .
Square feet .. ... ... ..,. 0.092903 .. .-, . e e Square meters
Squareyards ... L. ... .. CRB3BIZT e e i Situaie meters
Acres .., .. A P . CTOA04B9 L. L. Ll RN Hectares
ACIES . e A04E9 ... ... DA e e Square meters
ACIBS v v itie i e *0.0040462 . L. L. ... Square kilometers
Squaremiles - . ... ... ... . 258989 ..., L o « .. Square kilometers
VOLUME
Cubicinches . ... ..... .. 163871 .. o e Cubic centimeters
Cubicfeet ., ........... s 0O283168 ... . ... .o oL, Cubic meters
Cubicyards . .. ......... ) 784555 ... e Cubic meters
CAPACITY
Fluid ounces (US.) .. ... .. 295737 .. e i Cubic centimeters
Flgidounees [US) .. ... .. 208729 .. L. o Milliliters
Liquid pints (US.) ... ... .. 0473179 ... L. oo Cuitie decimeters
Liquid pints (U5 ... ... ... . . OATIEE . . ..., L iters
Quarts U.S) .. ..o oL .. . 946358 ... L. oL, Cubic centineters
Quarts {US} .. ... ... : TOOABIBT L. L e e e Liters
Gallons{U.8) . ... .. ..... 378543 .. e Cubic centimeters
Galfons(U.S.Y .. .. .. ... .. 378543 ... L. L. Cub|c decimeters
Gallons {U'S.) . ... _....... 378833 ... L e e Liters
Gallons{US.) ........... FO.O00378543 ... L ., . Cuhig meters
Gaitons (LK} .. ... ., e 454609 . ... . ..., ... .. ... Cubic decimeters
Gallons (UKY ... ... .. ABA596 . ... e Liters
Cubicfeet .. .. ......... BIEO ... Liters
Cubtcyards ... ....... .. bl 2T, - TN Liters
Acre-feet ...l ... ... .. o 2335 L e e e Cubic meters

Acrefget .. ... .. .. ... .. 1233500 ... ..o e [P .. Liters
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